auditory brainstem response (AABR) (ALGO 2e color screener). The result was considered normal when the newborn showed response to a 35dBNA signal bilaterally. The prevalence of AABR impairment and the odds ratio were analyzed with a 95% confidence interval using bivariate analysis. To identify the independent risk factors for hearing alterations, multivariate analyses were used with logistic regression.
Introduction
Hearing is the means by which the newborn comes into contact with the world of sound and with language structures. It is through oral language that humans are able to make contact with their fellowmen, and develop the ability to share their experiences, thoughts and ideas in the search for new knowledge. 1 Bilateral hearing loss presents high incidence, affecting around 3 out of every 1,000 live births, and from 2 to 4 out of every 100 newborns leaving the neonatal intensive care unit (NICU). The initial signs of hearing loss are very subtle and systematic neonatal hearing screening is the most effective means of early detection. Early diagnosis and immediate intervention are decisive factors in the development and prognosis of these children. [2] [3] [4] [5] The hearing loss risk indicators, as well as the use of objective methods for performing hearing screening and follow-up were established and reviewed by the Joint Committee on Infant Hearing (JCIH). 6 In Brazil, The Brazilian Committee on Hearing Loss in Childhood recommends neonatal hearing screening. 7 Screening procedures may be divided into two categories: behavioral and electrophysiologic assessments.
Behavioral techniques, due to the relative subjectivity of the assessment and difficulty in detecting mild or unilateral losses, determine a high number of false negative results. 8 Electrophysiologic procedures have greater sensitivity and specificity, and the following may be used: auditory brainstem response (ABR), automated auditory brainstem response (AABR) and evoked oto-acoustic emissions (EOAE). 9, 10 Various studies have analyzed the cost of hearing screening in the neonatal period as well as the difference between the methods available. 11, 12 The objective of the present study was to assess the After the test, a pre-coded card was filled out, using data from the newborns case history record. The population was characterized as follows: birthweight, gestational age (by the Capurro or New Ballard method), weight for gestational age (Denver Curve and classification according to Battaglia and Lubchenco), sex, family history of congenital hearing loss and consanguinity. The presence of the following neonatal pathologies was investigated: craniofacial malformations, neonatal asphyxia (defined by the presence of three of more of the following characteristics: Apgar score at 5 minutes < 6; umbilical cord blood pH < 7.10; hypoxicischemic encephalopathy; systemic involvement), genetic syndromes, congenital infections, peri intraventricular hemorrhage, bacterial meningitis, and hyperbilirubinemia (total bilirubin > 20 mg/dl for all newborns). Specialized procedures: use of phototherapy for more than two days, use of an incubator for more than five days, use of ototoxic medication for more than five days and mechanical ventilation for more than five days.
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The data contained in the pre-coded card were introduced into a data file on a microcomputer in Epi-Info 6.0.
The prevalence of hearing impairment and the odds ratio were analyzed with a confidence interval of 95% using bivariate analysis. To identify the independent risk factors for impaired AABR, a multiple analysis was done with a logistic regression model, including all the variables of the bivariate analysis and a stepwise variable selection process, using the SAS system for Windows, version 8.2 (SAS Institute Inc, 1999-2001, Cary, NC, USA).
The protocol was assessed and approved by the Research Ethics Committee of the MSF/UNICAMP.
Results
Nine hundred and seventy-nine newborns were assessed, 494 (50.4%) being boys and 485 (49.6 %) girls.
One hundred (10.2%) of the newborns failed in the hearing screening, 55 (11.3%) being girls and 45 (9.1%) being boys (p = 0.2535). Involvement was bilateral in 48 newborn and unilateral in 52.
The bivariate analysis revealed a statistically significant association between family history of congenital hearing loss and impaired AABR results, as well as for weight lower than 1,000 g, presence of genetic syndrome, asphyxia, presence of craniofacial malformation, occurrence of meningitis, use of ototoxic medication for more than five days and mechanical ventilation for more than five days (Table 1 ).
According to the multivariate logistic regression model, the main characteristics of the group of children at greater risk of presenting with impaired hearing screening were as follows: family history of congenital hearing loss; craniofacial malformation; weight < 1,000 g; mechanical ventilation for more than five days; hyperbilirubinemia and genetic syndrome ( Table 2 ).
Discussion
The prevalence of bilateral hearing impairment was 4.9% and of at least one compromised ear was 10.2%.
Analysis of these data must take into account the method used. The method used in this study, the AABR done with the ALGO 2e Natus device, represents a simplification of the conventional ABR, which automatically incorporates response detection and comparison with a normal model obtained from a large population sample of newborns.
Therefore, it does not need to be interpreted by the examiner. The method employed in the present study had a sensitivity of 98 to 100% and high specificity, 97%, [13] [14] [15] A study conducted in Germany found 5% of children with impaired AABR, 2% bilaterally. 17 In another study conducted in an NICU with the use of two-stage AABR, 8% newborns. 19 Another study assessed newborns weighing under 1,500 g with distortion product otoacoustic emissions and found a prevalence of 6.3% for hearing loss. 20 Although the data in the literature show variable results, the prevalence we observed is above the average, which may be related to the characteristics of the present group, comprised of newborns admitted to the intensive and intermediate care unit at a University Hospital that is a regional excellence center and therefore provides care to highly complex cases. Thus, a higher prevalence of hearing loss in the population treated at this facility can be expected.
Family history of congenital hearing loss was identified in the bivariate analysis as a factor significantly associated with hearing impairment. This shows that among the sensorineural deficiencies of known etiology, those of a hereditary origin are highly representative. With the advances in the field of molecular genetics, new genes responsible for sensorineural deafness have been identified, and the mechanisms involving cases of deafness due to non-syndromic causes have been explained in such a way that the influence of this variable may be better understood in the future. 18, 21, 22 Since birthweight is a continuous variable, it was separately analyzed in the following categories: < 1,000 g, from 1,000 to 1,500 g, from 1,501 to 2,500 g and > 2,500 g. Newborns weighing > 2,500 g were considered to be at less risk, and were considered as the reference category, with which the other categories were compared.
A significant association was noted in newborns < 1,000 g.
Weight from 1,000 to 1,500 g, as well as from 1,501 to 2,500 g were not a significant risk factor. The current literature considers weight < 1,500 g to be a risk factor, although this finding is not consistent and its greater or lesser significance depends on the differences in the populations assessed, as well as the conditions of perinatal care. 17, 22 The presence of craniofacial malformations was shown to be significantly related to hearing impairment and has been a frequent finding in the literature. In different studies, this variable is responsible for between 11 and 16% of the cases of hearing loss, increasing the risk of these children presenting with impairment by up to 5 times. 17, 23, 24 In the literature, syndromes associated with sensorineural deafness, as well as structural defects with or without chromosomal abnormalities, have been described as a risk factor, which is in agreement with the results found in the present study, in which the presence of the genetic syndrome was significantly associated with greater risk of hearing impairment. 22, 24 As regards comorbidities, asphyxia was associated with 3.5 times more risk of hearing impairment. Although the brain is more sensitive to anoxia than the auditory system, severe hypoxic ischemic encephalopathy was an important risk factor for hearing loss. In current literature, these results also varied in accordance with the studied population and mainly with the definition of neonatal asphyxia. 16, 21 Nevertheless, the impact of asphyxia on hearing may be minimized or abolished if it is controlled, which may be achieved by training the teams that give assistance to newborns in the delivery room. 25 In spite of a declining trend in the occurrence of meningitis in the neonatal period, in the present studied it was identified as being significantly associated with hearing impairment in the bivariate analysis, which is in agreement with the literature. However, in the multiple analysis, in which we attempted to eliminate the joint action of various other factors, this association was not maintained. 17, 26 As regards hyperbilirubinemia, the data in the literature point it out as an important cause of deafness. 27 In the present study assessment, it was not identified as a risk factor in the bivariate analysis. However, when analyzed in conjunction with the other variables, it acquired great statistical power, becoming an important event in the occurrence of hearing impairment.
These results suggest that it is necessary to implement protocols with strict control of cases of jaundice, including objective measures for assessing the serum level of bilirubin and highly efficient phototherapy, which represent measures to prevent hearing impairment resulting from hyperbilirubinemia.
Although the use of phototherapy has not been the object of study in the literature, this analysis was made because it is a very common procedure in our unit, and involves a noise level above the ideal proposed (mean of 45 dB during the day and 35 dB at night, the maximum limit suggested being 58 dB). 29 The number of children submitted to phototherapy is higher than the number considered as having hyperbilirubinemia, since the indication of phototherapy contemplates other children in addition to those with total bilirubin > 20 mg/dl. We did not observe an association between this variable and hearing impairment.
The literature considers the use of ototoxic medication to be an important risk factor for deafness in the neonatal period. In the present case series, a significant relationship was observed in the bivariate analysis, which was not maintained in the multiple analysis. It should be noted that the drug of choice for the treatment of gram negative organisms at our institution is amikacin, and we believe that a strict control of the serum dose of this drug is an important measure for preventing hearing loss due to ototoxicity. It may be speculated that improvement in the treatment in NICUs may reduce the probability of auditory involvement. 30 Mechanical ventilation for more than five days showed a significant association with hearing impairment. Various aspects have been related to the greater occurrence of deafness in children submitted to assisted ventilation, including the noise level of the appliances, duration of mechanical ventilation, and the pulmonary pathologies involved.
From the multiple analysis, a subset of variables was obtained, which better characterizes the group at risk of hearing impairment; presence of family history, craniofacial malformation, genetic syndrome, hyperbilirubinemia, asphyxia, weight< 1,000 g and mechanical ventilation for more than five days, so that these risk factors may direct a systematic assessment, until universal screening becomes possible.
